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[57] ABSTRACT

An improved vacuum treatment system includes con-
tainers for accommodating articles to be treated, a tun-
nel-like casing in which a plurality of the casings can
move contiguously, a driving device for making the
containers move in the casing, a plurality of evacuation
ducts open to the casing at a plurality of locations. seal-
ing devices for sealing the clearance between the outer
surfaces of the containers and the inner surface of the
casing at the positions between the openings, and an
evacuation facility for evacuating the inside of the cas-
ings through the evacuation ducts. The locations of the
evacuation ducts closest to the opposite ends of the
casing are spaced apart from the ends of the casing by
distances greater than the length of the container. The
intervals between the locations of the evacuation ducts
are preferably longer than the length of the container.
There can also be provided a plurality of tunnel-like
casings, the insides of which are evacuated by a single

evacuation facility through the evacuation ducts.

10 Claims, 12 Drawing Sheets
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1
CONTINUOUS VACUUM TREATMENT SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a continuous vacuum
treatment system such as a system for continuously

vacuum-drying fabric yarns kept in spindle-shaped

blocks after dying them, a high-speed drying system for
ceramic products or vacuum-dried foods, a system for
continuously vacuum-depositing a film of different ma-
terial on a surface of an unbendable or unwindable arti-
cle such as a sheet of glass or a thick plastic plate, or the
like.

2. Description of the Prior Art

One example of a heretofore known system for dry-
ing articles by making use of hot air is shown in vertical
cross section in FIG. 18. In this figure, reference nu-
meral 03 designates a casing, numeral 04 designates a
drainboard-like intermediate wall provided with the
casing 03, numeral 05 designates a feed pipe for feeding
hot air 07, and numeral 06 designates an exhaust gas
pipe for exhausting cold air 08 after drying. In the hot
air drying system constructed in the above-described
manner, articles to be dried 01 accommodated in con-
tainers 02 having drainboard-like bottom walls are
charged, and hot air 07 is fed thereto from a hot air
generator not shown. The articles to be dried 01 are

heated and dried by the hot air 07 blowing through

interstices of the articles to be dried 01.

The drying system relying upon hot air gives rise to
the problems indicated. That is, because a packed condi-
tion of the articles to be dried 01 within the container 02
is liable to occur, there exists a location where hot air 07

can well blow therethrough and a location where 1t can

hardly blow therethrough, resulting in poor quality
(insufficient drying) or an elongation of the time neces-
sitated for drying. Therefore, if the temperature of hot
air is raised in order to shorten the drying time, some-
times the articles to be dried 01 would be changed 1n
quality.

For the purpose of resolvmg the aforementioned
problems, a vacuum drying system as shown in FI1G. 19
has been devised. In this figure, reference numeral 013
designates a vacuum chamber, numeral 0134 designates
a manhole, numeral 015 designates an evacuation device
for evacuating the air inside of the vacuum chamber 013
numeral 016 designates an evacuation duct for connect-
ing the evacuation device 015 with the vacuum cham-
ber 013, and numeral 017 designates a heat source of a
dielectric heating type or the like. Articles to be dried
011 are charged within the containers 012 at the outside
of the vacuum chamber 013, they are accommodated
“jointly with the containers 012 within the vacuum
chamber 013, after the manhole 013z has been closed
the inside of the vacuum chamber 013 is evacuated by
the evacuation device 015, and the articles to be dried
011 are heated and dried by the heat source 017 of a
dielectric heating type or the like. After drying is com-
pleted, the inside of the vacuum chamber 013 is re-
turned to the atmosphere, and after the containers 012
have been taken out and articles to be dried 011 have
been recharged therein, the containers are returned into
the vacuum chamber, and these steps of processing are
repeatedly executed. An efficiency rate of operation 1S
50% or less.

In the above- descnbed vacuum drylng system in the
prior art, since the system is of batch type wherein the
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steps of charging, evacuation, drying, pressure recov-
ery and take-out are repeated, an efficiency rate of oper-
ation is as low as 509 or less. Also, in the process rely-
ing upon hot air a treatment time for one batch 1s long
compared to the vacuum drying system, and also un-
even drying as well as a degradation in quality caused
by local overheating would arise.

SUMMARY OF THE INVENTION

It is therefore one object of the present invention to
provide an improved continuous vacuum treatment
system, in which an efficiency rate of operation 1s en-
hanced without deteriorating treated articles.

According to a first feature of the present invention,
there is provided a continuous vacuum treatment sys-
tem comprising containers for accommodating articles
to be treated, a tunnel-like casing in which a plurality of
the aforementioned containers can move contiguously,
a driving device for making the aforementioned con-
tainers move in the same casing, a plurality of evacua-
tion ducts open to the casing at positions spared from
the ends of the casing by distances greater than the
length of the aforementioned container. seal devices for
sealing the clearance between the outer surfaces of the

“containers and the inner surface of the casing at posi-

tions between the aforementioned plurality of openings,
and an evacuation facility for evacuating the inside of

‘the casing through the plurality of evacuation ducts.

According to a second feature of the present inven-
tion, there is provided a continuous vacuum treatment
system comprising containers for accommodating arti-
cles to be treated, a plurality of tunnel-like casings in
which a plurality of the aforementioned containers can
move contiguously, a driving device for making the
aforementioned containers move in the same casing,
evacuation ducts respectively open at a plurality of
locations on the plurality of casings, seal devices for
sealing the clearances between the outer surfaces of the
containers and the inner surfaces of the casings at p031-
tions between the aforementioned plurality of openings,
and a single evacuation facility for evacuating the inside
of the plurality of casings through the aforementloned
evacuation ducts. |

According to a third feature of the present invention,
there is provided a continuous vacuum treatment sys-
tem comprising containers for accommodating articles

to be treated, each of which containers has through-

holes in its walls transverse of its direction of move-
ment, a tunnel-like casing in which a plurality of the
aforementioned casings can move contiguously, a driv-
ing device for makmg the aforementioned containers
move in the same casing, a plurahty of evacuation ducts
open to the aforementioned casing at intervals longer
than the length of the aforementioned container, seal
devices for sealing the clearances between the outer
surfaces of the containers and the inner surface of the
casing at the posmons between the aforementioned
plurality of openings, and an: evacuation fac:]lty for -
evacuating the inside of the casing in a stepwise manner
through the aforementioned plurality of evacuation

ducts.

According to the first aspect of the present invention
as described above, a plurality of compartments parti-
tioned by the seal devices between the inner surface of
the casing and the outside surfaces of the containers, are

formed within the casing. Among these compartments,

the most outside compartment would move to a space



3

communicating with the evacuation duct after it has
been subjected to atmospheric pressure as a result of
movement of the containers, and it would be evacuated
by the evacuation facility Therefore, a container ac-

commodating articles to be treated can be continuously

moved from the atmosphere to a vacuum chamber and
then from the vacuum chamber to the atmosphere, and
during the period when it passes through the vacuum
chamber, the articles to be treated can be vacuum-
treated. In this case, the evacuation facility is only re-
quired to evacuate only the air within the container that
is brought into the casing as a result of movement of the
containers. |

Also, according to the second aspect of the present
invention as described above, in the respective casings,
a plurality of compartments, partitioned by the seal
devices between the inner surface of the casing and the
outer surfaces of the containers, are formed within each

5,117,564
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F1G. 4 is a longitudinal cross-sectional view of a third
preferred embodiment of the present invention:
'FIG. 5 is a longitudinal cross-sectional view of a
fourth preferred embodiment of the present invention;
FIG. 6 is a longitudinal cross-sectional view of a fifth
preferred embodiment of the present invention;
~ FIG. 7 is an enlarged view of a portion encircled by

B 2 dash-dot line V1I in FIG. 6:

10

15

casing. And, the most outside compartment would

move to a space communicating with the evacuation

duct after it has been subjected to atmospheric pressure

20

as a result of movement of the containers, and it would

‘be evacuated by the evacuation facility. Therefore, a
~ container accommodating articles to be treated can be
continuously moved from the atmosphere to a vacuum
chamber and then from the vacuum chamber to the
atmosphere, and during the period when 1t passes
through the vacuum chamber, the articles to be treated
can be vacuum-treated. In this case also, the evacuation
facility evacuates only the air within the contaner that
is brought into the casing as a result of movement of the
containers. Hence, by successively offsetting the trrrnng
under which the containers in the plurality of casings
are moved, the plurality of casings can be evacuated by
means of a single evacuation facility without increasing
an evacuation capacity of the evacuation facility.
Furthermore, according to a third aspect of the pres-
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“ent invention as described above, since a plurality of

compartments partitioned by the plurality of seal de-
vices between the inner surface of the casing and the
outer surfaces of the casing are formed within a vacuum
treatment system, if the respective compartments are
evacuated in a stepwise manner by the evacuation facil-
ity through the ducts provided on the casing, then the
‘inside of the casing 1s reduced in pressure in a stepwise
manner from the atmOSphere and at the central portion
within the system is obtained a vacuum chamber.
“Therefore, the containers accommodating articles to be
treated are continuously moved from the atmosphere

40

FIG. 8 is a transverse cross-sectional view taken
along a line VIII—VIII in FIG. 7;

FIG. 9 is a diagram showing an operanonal feature of
the same embodiment;

FIG. 10 is a longitudinal cross-sectional view of a
sixth preferred embodiment of the present invention;

FIG. 11 is a plan view of a seventh preferred embodi-

ment of the present invention;

FIG. 12 is a developed cross-sectional side view
_taken'along a dash-dot line XII—XII in FIG. 11;

FIG. 13 is a longitudinal cross-sectional view of an
eighth preferred embodiment of the present invention;

FIG. 14 is an enlarged view of a portlon encircled by
a line A in FIG. 13;

FIG. 15 1s a transverse cross-sectlonal view taken
along a line B—B in FIG. 14; a

FIG. 16 is a longitudinal cross-sectional view of a
ninth preferred embodiment of the present invention;

FIG. 17 is a side view of the same;

FIG. 18 is a longitudinal cross- seetlonal view of a hot
air drying system in the prior art; and

FIG. 19 is a longitudinal cross-sectional view of a
vacuum drying syStem in the prior art.

DETAILED DESCRIPTION OF THE
| PREFERRED EMBODIMENT

At first, the first preferred embodiment of the present
invention will be described with reference to FIGS. 1

“and 2. In these figures, reference numeral 3 designates a

linear tunnel-like casing having a charging section 3A
for containers and a discharging section 3B at its oppo-
site ends, and a plurality of containers 2, 2a, 2b and 2c
can move continuously through the inside of the casing

- 3. The bottoms of these containers 2, 2a, 2b and 2c are

45
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into the vacuum chamber and then from the vacuum

chamber to the atmosphere, and during the period when

“the container passes through the vacuum chamber, the

articles to be treated can be vacuum-treated.

~ The above-mentioned and other objects, features and
advantages of the present invention will become more
apparent by referring to the following description of
preferred embodiments of the invention taken in con-
- junction with the accompanying drawlngs

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a longitudinal cross-sectional view of a first
preferred embodiment of the present invention;

FIG.21san enlarged view of a portron encircled by
a dash-dot line II in FIG. 1;

FIG. 3 is a longitudinal cross-sectional view of a
second preferred embodiment of the present invention;

35
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~ portion of the casirig 3 where the evacuation duct 4c

65

formed in a drainboard-like manner, and within the
containers are accommodated, for instance, articles to
be dried 1. Reference numerals 4a, 4b, 4c, 4d and 4e
designate a plurality of (five, in the illustrated example)
evacuation ducts, and the distance L (See FIG. 2) from
the respective ends of the casing 3 to the most outside
evacuation ducts 4g and 4e¢, respectively, are longer
than the length 1 of the respective containers 2, 2a, 2b
and 2c. Reference numerals 6, 62 and 6b designate slide
O-rings provided around the peripheries of the front

“walls of the containers 2, 24, 26 and 2¢, which seal the

clearances between the outer surfaces of the containers
2, 2a, 2b and 2¢ and the inner surface of the casing 3,
reference numeral 5 designates a vacuum evacuation
apparatus, whose inlet port communicates with the
evacuation ducts 4a, 4b, 4¢c, 4d and 4e. Reference nu-
meral 20 designates a leak valve provided at the inlet
port of the vacuum evacuation apparatus 5. The central

opens is enlarged to form a vacuum treatment chamber
3c. Reference numerals 7 and 8 respectively designate a
belt conveyor and an induction heating device provided
within the vacuum treatment chamber 3¢.

In this preferred embodiment, the containers 2, 2a, 2b
and 2c accommodating articles to be dried 1 are charged

into the casing 3 through the charging section 3A of the
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vacuum treatment system, and they are fed into the
casing in a contiguous disposition by means of a driving

device not shown. At this time, while the container 26

is open to the atmosphere when the container 2b has
advanced up to the position where the slide O-ring 6a
comes into contact with the inner surface of the casing
3 as a result of movement, the container 25 1s held at the
atmospheric pressure because the path between the
evacuation duct 4a and the container 2b is blocked by
the slide O-ring 6b. Thereafter, the container 26 moves
further, and when it has advanced up to the position
designated by reference numeral 2¢, since the container
2c communicates with the duct 4q, the air inside of the
container 2c is evacuated and assumes a vacuum state.
At this time, since the path between the atmosphere and

" the container 25 is blocked by the slide O-ring 65, only
the air brought in as enclosed within the container 2b 1S
evacuated. |

In the vacuum treatment chamber 3¢, while the con-
tainers 2, 2a, 2b and 2c¢ having been brought in as de-
scribed above are moving on the conveyor 7, the arti-
cles to be dried 1 accommodated within the containers
are heated by a heat source such as the induction heat-
ing device 8 or the like, and they are vacuum-dried. In
this case, since the bottoms of the containers 2, 24, 20
and 2c are formed in a drainboard shape, moisture in the
articles to be dried 1 is readily evaporated and removed.
The containers 2, 2a, 2b and 2¢ accommodating the
articles to be dried 1 which have been vacuum-dried,
move further and are carried out into the atmosphere in
a reverse manner to that in which they are carried in.

As described above, in the illustrated embodiment, an
extremely simple structure can continuously introduce
discontinuous articles from the atmosphere into a vac-
pum and thereafter again carry out the article continu-
ously into the atmosphere, and moreover, the load ap-
plied to the vacuum evacuation apparatus S can be
suppressed to a minimum. It is to be noted that while the
pressure in the vacuum treatment chamber 3 would
vary due to the fact that air brought into the vacuum
system as a result of movement is evacuated, the pres-
sure variation is small and does not become an i1ssue
because normally the volume of the vacuum treatment
chamber 3c is sufficiently large as compared to the
volume of one container. In addition, in the event that
the pressure in the vacuum treatment chamber 3c be-
comes too low, and there occurs an inconvenience in
view of vacuum treatment or in view of the operation of
the vacuum evacuation apparatus, the pressure can be
maintained at a necessary value by introducing the at-
mospheric air through the leak valve 20 provided at the
piping on the inlet side of the vacuum evacuation appa-
ratus.

Next, a second preferred embodiment of the present
invention will be described with reference to FIG. 3.

The illustrated embodiment is also basically similar to

the first preferred embodiment described above with
reference to FIGS. 1 and 2, but in this embodiment only
the evacuation ducts 4b and 4d are provided on the
casing 3 for the charging section side 3A and the dis-
charging section side 3b, respectively. '
FIG. 4 is a longitudinal cross-sectional view showing
a third preferred embodiment of the present invention.
In this preferred embodiment, only an evacuation duct
4b 1s prowded on the casing 3a on the side of the charg-
mg section 3A and an exhaust duct is not present on the

casing 3b on the side of the discharging section 3B.

Instead, the casing 35 on the side of the dlschargmg
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2 are installed. And, evacuation ducts 4a, 49, . . .,
10 4a

6

section 3B has its length L' made sufficiently longer

than the length 1 of one container.

Next, a fourth preferred embodiment of the present
invention will be explained with reference to FIG. 5. In

‘the illustrated embodiment, multiple sets (three sets in
“the illustrated example) of continuous vacuum treat-

ment systems according to the first preferred embodi-
ment as described above with reference to FIGS. 1 and
e,

4a', 4b',..., 42, 4a", 4b", . .., 4, opening at a plurality
of locatlons on the respective ones of the walls of the
respective casings 3, 3’ and 3" all communicate com-
monly with an inlet port of a single vacuum evacuation
apparatus 9.

While the single vacuum evacuatlon apparatus evacu-
ates successively the air in the containers brought into
the casings 3, 3’ and 3" as a result of movement of the
containers 2, in this particular preferred embodiment,
the timing of movement of the containers 2 in the re-
spective ones of the plurality of casings 3, 3" and 3" 1s
such that two or more containers 2 may not simulta-

neously communicate with the evacuation ducts 4q,

4a’'and 4a'’, and thereby, the evacuation capacity of the

‘vacuum evacuation apparatus 5 can be made equal to

that in the case where there is only one casing. In this
way, discontinuous articles can be fed from and ex-
hausted to the atmosphere continuously. Accordingly,
an efficiency of vacuum treatment of discontinuous
articles can be, improved, and a productivity could be
enhanced to twice that or more of systems of a similar
scale in the prior art. Furthermore, accompanying con-
tinuous version of vacuum treatment, continuous ver-
sion including preceding and succeeding steps thereof

- also has become possible.

Now a fifth preferred embodiment of the present

" invention will be described with reference to FIGS. 6 to

8. FIG. 6 is a longitudinal cross-sectional view showing
the fifth preferred embodiment, FIG. 7 1s an enlarged
view of a portion encircled by a dash-dot line VII in
FIG. 6, and FIG. 8 is a transverse cross-sectional view
taken along a line VIII—VIII in FIG. 7.

In these figures, reference numeral 3 designates a
linear tunnel-like casing having at its opposite ends a
charging section 3A and a discharging section 3B for
containers 2, and a plurality of containers 2 can move
connguous]y through the inside of the casing 3. Each of

 these containers 2 has small-diameter through-holes 2’

50

53

635

in the front and rear walls transverse of the direction of
movement, and their bottoms are formed in a drain-
board shape. Reference numerals 4a, 4b, 4c, 4d and 4¢
designate a plurality of (five, in the illustrated example)
evacuation ducts, which open at the wall of the casing
3 at intervals larger than the length of the containers 2.
Reference numeral 6 designates an O-ring provided
around the periphery of the front wall of the aforemen-
tioned container 2, which seals the clearance between
the outer surface of the same container 2 and the inner
surface of the casing 3. Reference numeral 5§ designates
a vacuum evacuation apparatus, whose inlet port com-
municates with the above-mentioned evacuation ducts
da, 4b, 4¢c, 4d and 4e. The portion at the center of the
casing 3 where the evacuation duct 4c opens, is enlarged
to form a vacuum treatment chamber 3a. Reference
numerals 7 and 8, respectively, designates a belt con-
veyor and an induction heating device provided within
the same vacuum treatment chamber 3a.

~ In such a vacuum treatment system, containers 2
accommodating articles to be dried 1 are charged into
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the casing 3 from the charging section 3A on one side of

the vacuum treatment system, then they are moved
contiguously through the inside of the casing by means
of a driving device not shown, and they are discharged
- from the casing 3 through the discharging section 3B on

the other side. While the containers 2 are successively .

“moved, they are reduced in pressure up to, for example,
~ about 400 Torr at the portion of the evacuation duct 4aq,
and as they are moved further, at the portion of the
evacuation duct 4b they are reduced in pressure up to,
for example about 150 Torr and further up to about 10
Torr in the vacuum treatment chamber 3a. In this vac-

uum treatment chamber 3g, while the containers 2 are

being moved on the conveyor 7, the articles to be dried
1 accommodated within the containers are heated by a
heat source such as the induction heating device 8, and
thus they are vacuum-dried. In this case, since the bot-
tom of the container 2 is formed in a drainboard shape,
moisture is readily evaporated. The containers 2 accom-

modating the dried articles 1 move further, and as the

pressure is sequentially recovered in a stepwise manner
of 10 Torr--150 Torr—400 Torr—[Atmospheric pres-

10

15

20

sure] in the reverse direction to that at the time of

charging, they are discharged to the atmosphere.
In this particular embodiment; in order to suppress
the pressure variation within the casing 3 (including the

25

vacuum treatment chamber 3a), which is reduced in

pressure in a stepwise manner, to a minimum, the struc-
ture as disclosed in the following is employed.

That is, the lengths of the tunnel-like casings (sealed
portions thereof) between the charging section and the
initial evacuation duct 4a, between the adjacent evacua-
tion ducts (between 4a and 4b, between 4b and 3a(4c),
between 3a(4c) and 4d, between 44 and 4¢) and between
the last evacuation duct 4¢ and the discharging section,
~are all longer than the length of the container 2. Ac-
cordingly, in every sealed section there always exists
one or more containers 2, so that blow-through between
the atmosphere and the evacuation duct as well as be-
tween the adjacent evacuation ducts can be prevented.

In addition, slide seal means such as an O-ring 6 is
provided around the outer periphery of either one of
~ the front and rear walls transverse of the direction of

30
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8
the pressure differences between the successive vacuum
stages are set smaller than those in the above-described
fifth preferred embodiment. and the illustrated embodi-
ment is one example of the continuous vacuum treat-

‘ment system having the number of stages of the evacua-

tion ducts increased. In this preferred embodiment, for
the purpose of narrowing an installation area. a vacuum

treatment chamber 3a is disposed horizontally, and on
the opposite sides thereof are provided an upwardly

extending charging-side casing section-and an upwardly

- extending discharging-side casing section for the con-

tainers 2 to form a U-shaped casing 3 as a whole, so that
the containers 2 can be charged and discharged in the
vertical directions with respect to the vacuum treat-
ment chamber 3a. In this preferred embodiment,
through-holes are formed in the bottom walls of the
containers 2, and thereby abrupt variations of the pres-
sure in the casmg 3 can be prevented.

- FIG. 11 is a2 plan view showing a seventh preferred
embodiment of the present invention, and FIG. 12 1s a
developed cross-sectional side view taken along a dash-
dot line XII—XII in FIG. 11. This preferred embodi-
ment relates to a circular-grate-shaped vacuum treat-
ment system, in which a casing 3 is formed in an annular
shape. The casing 3 is provided with a charging section
3C and a discharging section 3D adjacent to the same
charging section 3C. According to such a modification,
evacuation ducts 4a, 4b, 4¢, 4d and 4¢ open at the annu-
lar casing 3 at intervals longer than a length of contain-
ers 17. In this preferred embodiment, articles to be
treated 1 charged within a container 17 at the charging
section 3C of the circular-grate-shaped vacuum treat-
ment system are adapted to be discharged out of the

container 17 at the discharging section 3D with the

bottom of the container 17 Opened after they have been
vacuum-treated while moving through the annular cas-
ing 3 over nearly one revolution jointly with the con-

~ tainer 17. In the illustrated embodiment, a heat source

40

movement of the container 2 (the front wall in the illus-

trated example) and also small-diameter through-holes
2' are formed in the walls transverse of the direction of
movement. These through-holes 2’ are provided so that
the pressure in the evacuation duct or the vacuum treat-
ment chamber 3a may not abruptly fall nor rise when
the O-ring 6 has been disengaged from the casing 3 and

45

18 is prowded outside of a vacuum treatment chamber
3a, and is adapted to feed hot air into the vacuum treat-
ment chamber 3a through hot air feed pipes 19. It 1s to
be noted that in the illustrated embodiment, the con-
tainer 17 can be charged into or discharged from the
annular casing 3 by moving the container 17 into the
casing 3 or moving it from the inside of the casing 3 to

~ the outside by means of pushers provided externally or
" internally of the annular casing 3.
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has entered in the evacuation duct or the vacuum treat-

ment chamber 3a as a result of movement of the con-

tainers 2, but the container 2 may be gradually lowered

(or raised) in pressure already when it 1s present in the
sealed section of the casing 3 and, when it has entered
the next evacuation duct section, the pressure may have
already finished lowering (or rising). FIG. 9 compara-

- tively illustrates the pressure variations within the vac-
uum treatment chamber 3a with respect to the case

where these through-holes 2’ are provided and the case
where they are not provided.

- FIG. 10 is a longitudinal cross-sectional view show-
ing a sixth preferred embodiment of the present inven-
tion. This preferred embodiment is employed in the case
where the pressure in the vacuum treatment chamber 3a

is lower than that in the above-described fifth preferred

‘embodiment, or in the case where in the stepwise evacu-
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ation by means of the vacuum evacuation apparatus §

-

‘Now an eighth preferred embodlmént of the present
invention will be explained with reference to FIGS. 13,
14 and 15. In this preferred embodiment, the casing 3 in

the above-described first preferred embodiment shown
in FIGS. 1 and 2 and in the above-described fifth pre-

ferred embodiment shown in FIGS. 6 to 8 are modified

into a cylindrical shape, and the containers 2 moving in

‘the casing 3 are also modified into a cylindrical shape.

On a front surface of a circular front wall 12A trans-

verse of the direction of movement of the container 2 is

formed a protrusion 12Y having a rectangular bore 122
elongated in the horizontal direction, and also on a rear
surface of a circular rear wall 12B transverse of the
direction of movement of the container 2 is formed a
horizontal rectangular protrusion 12X of a size adapted
to fit in the rectangular bore 12Z at the position corre-
sponding to the bore 12Z.

The plurality of containers 2 accommodating articles

to be dried 1 therein would move contiguously along

the cylindrical casing 3, and during this movement,
since the protrusion 12X of the container 2 on the front
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side is held inserted in the bore 12Z of the container 2
on the rear side, relative rotation between these two
adjacent containers 2, 2 can be prevented by the fitting
engagement of the protrusion 12X and the bore 12Z.

Tt is to be noted that in this preferred embodiment, in
place of the above-described engagement between the
protrusion 12X and the bore 12Z, a modification could
be made such that one of the front and rear wall sur-
faces of the container 2 is convex and the other of the
wall surfaces is concave and relative rotation between
the containers 2 may be prevented by an engagement
between the concave and convex curved wall surfaces
of the adjacent containers 2, 2. |

Also, it is a matter of course that the cylindrical cas-
ing and the cylindrical containers in this preferred em-
bodiment are equally applicable to the second preferred

embodiment having a U-shaped casing shown in FIG. §

or to the third preferred embodiment having a circular-
grate-shaped casing shown in FIGS. 6 to 8.

Next, a ninth preferred embodiment of the present
invention will be explained with reference to FIGS. 16
“and 17. In this preferred embodiment, in order to pre-
vent the O-rings 6 around the containers 2 of the above-
described eighth preferred embodiment, especially at
their lower portions, from being heavily loaded and
thus unevenly worn, as shown in FIG. 17 three guide
rollers 20 held in contact with the inner surface of the
cylindrical casing 3 are provided at equal angular inter-
vals on the outer circumferences of the front and rear
walls 12A and 12B of the container 2. Owing to the
above-mentioned provision, the weight of the container
2 and the articles to be dried 1 are supported by the
guide rollers 20, and therefore, the O-ring 6 can be
prevented from bemg heavily loaded and unevenly
worn. It is to be noted that while the guide rollers 20 are
provided around the front and rear wall surfaces 12A
and 12B of the container 2 in the illustrated embodi-
ment, a modification could be made such that the guide
rollers 20 may be provided on the inner surface of the
cylindrical casing 3.

In the above-described reSpectwe embodiments, it be
preferable that the container 2 is made of materials
having a low specific inductivity and a low dielectric
power factor such as fluorine resin, polypropylene
resin. polyethylene resin, vinyl chloride resin, polycar-
bonate resin, quartz glass, porcelain or the like. In addi-
tion, with regard to the O-rings 6, in order to improve
sliding characteristics, it is preferable that those having
caps made of polyethylene resin or fluorine resin at the
contact portions with the casing 3 are employed or a
lining of fluorine resin or polyethy]ene resin is applied
to the inner surface of the casing. Also it is preferable to
use material having a lining of fluorine resin or the like
for the O-ring 6 itself to give it the properties of wearre-

sistance and low friction.

Furthermore, in the above-described respective em-

bodiments, in order to feed the containers 2 to a con-
tainer driving device, such as the belt conveyor 7, or to
take them from the container driving device, such as the
belt conveyor 7, for instance, an air-cylinder or a motor-
cylinder can be used.

As will be obvious from the detar]ed description of
the preferred embodiments of the present invention,
discontinuous articles such as pellets, buik sheets or the

like can be vacuumtreated while they are being continu-
ouslv fed from the atmosphere into a vacuum or, on the

contrary, while they are being continuously drseharged
from vacuum to the atmosphere. Accordingly, an effi-

-

15,117,564

10

15

20

25

30

335

40

45

50

55

60

65

10

ciency of the vacuum-treatment of discontinuous arti-
cles is improved, hence a productivity can be enhanced
to twice that or more of similar system in the prior art
on an approximately equal scale, and furthermore, as a
result of continuous version of vacuum treatment, the
vacuum treatment system can be connected with the
preceding and succeeding steps of the treatment. More-
over, according to the present invention. the system
1ncorperat1ng the aforementioned functions can be real-
ized in a compact scale and cheaply without increasing
a capacity of a2 vacuum evacuation facility.

While a principle of the present invention has been
described above in connection with a number of pre-
ferred embodiments of the invention, it is a matter of
course that many apparently widely different embodi-
ments of the present invention could be made without
departing from the spirit of the present invention.

What is claimed is: |

1. A continuous vacuum treatment system COMPpris-
ing: containers for accommodating articles to be
treated, said containers having front and rear walls, said
walls extending transversely to the direction of move-
ment of the containers through said casing, and said
walls having through-holes extending therethrough, a
tunnel-like casing in which a plurality of said containers
can move contiguously, a driving device for moving
said containers in said casing, a plurality of evacuation
ducts open to said casing at locations spaced by inter-
vals each longer than the length of each of said contain-
ers as taken between the walls thereof, seal devices for
sealing clearances between the outer surfaces of said
containers and the inner surface of said casing at posi-
tions between said locations at which the ducts are open
to said casing, and an evacuation facility for evacuating
the inside of said casing in a stepwise manner through
said plurahty of evacuation ducts.

2. A continuous vacuum treatment system as claimed
in claim 1, wherein said tunnel-like casing extends lin-
early.

3. A continuous vacuum treatment system as claimed
in claim 1, and further comprising rollers provided
between the outer surface of said containers and the
inner surface of said casing.

4. A continuous vacuum treatment system as claimed
in claim 3, and further comprising means, in the front
and rear walls of adjacent ones of said containers, for

preventing said adjacent ones of the containers from

rotating relative to one another.

5. A continuous vacuum treatment system as claimed
in claim 1, wherein said tunnel-like casing has a circular
cross section, and said containers also have a circular
Cross section.

6. A continuous vacuum treatment system cOmpris-
ing: containers for accommodating articles to be
treated, aid containers having front and rear walls, a
tunnel-like casing in which a plurality of said containers
can move centlguously a driving device for moving
said containers in said casing, a plurality of evacuation
ducts open to said casing at locations spaced by inter-

vals each longer than the length of each of said contain-

ers as taken between the walls thereof, seal devices for
sealing clearances between the outer surfaces of said

“containers and the inner surface of said casing at posi-

tions between said locations at which the ducts are open
to said casing, an evacuation facility for evacuating the
inside of said casing in a stepwise manner through said

plurality of evacuation ducts, and means, in the front
and rear walls of adjacent ones of said containers, for
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- preventing said adjacent ones of said containers from

rotating relative to one another.
7. A continuous vacuum treatment system as claimed
in claim 6, and further comprising rollers provided

between the outer surface of said containers and the

inner surface of said casing. |

‘8. A continuous vacuum treatment system as claimed
in claim 6, wherein said tunnel-like casing extends lin-
early. | |

5,117,564
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9. A continuous vacuum treatment system as claimed

~in claim 6, wherein the walls extend transversely to the
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direction of movement of the containers through said
casing, and said walls have through-holes extending

- therethrough.

10. A continuous vacuum treatment system as
claimed in claim 6, wherein said tunnel-like casing has a

circular cross section, and said containers also have a

circular cross section. |
* %* ¥ S *
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